WO 2004/ 064157 PCT/ US2003/ 031900 POST CWP POROGEN
BURN OUT PROCESS Technical Field [0001] The present
WO pwe6416n generally relates to a nmethod and sPET/UB2008031900
for inproved formation of porous interconnection
| ayers that renoves porogen fromlow K
i nterconnection |ayer after the formation of

conductive POSTICMP POROGEN BURN OUT RROCESS t
circuits. Background Art [0002] Integrated circuit
processi ng can be generally divided into front end of
line (FECL) and back and of line (BEOL) processes.

ri.n E processing, the various |ogical and
T?DL‘Ehfb'f:ng!ﬂ devi ces are manufactured. The FEOL
processing will generally nmake a many | ayers of
| ogi [@901}iHe prasent mvahtionl generadly reknyes ®© amethod and structure
i nterconnections are fornmed above these | ogical and

fof Isioveaabrraticty 6f sbrous intbRenRESlio 4)/eps Hdl th‘éve? porogen

conplete the integrated circuit structure. There

i oK BRGEEnecRiELR oen I Facn ok 8 edtres, o
PreUsiok VaiE ABLISAPE UMt ant (and are softer) are -

repl aci ng ol der, harder, higher dielectric.constant
insul ators. Lower dielectric constant materials
generally have a dielectric WO 2004/ 064157

BakdroufePAr031900 constant bel ow 3.0 and incl ude
polyneric low K dielectrics commercial products such

-y Aﬁhb&zlIﬂt"e@r&t@%lc‘?rcfuft%%%osvsving]géﬂ 58 9o 3R WividSY infd3ront end
of line (FEOL) and back and of line (BEOL) processes. During FEOL
processing, the various logical and functional devices are manufactured. The
FEOL processing will generally make a many layers of logical and functional
devices. Layers of interconnections are formed above these logical and
functional layers during the BEOL processing to complete the integrated circuit
structure. Therefore, BEOL processing generally involves the formation of
insulators and conductive wiring and contacts.

[0003]Recently, insulators (dielectrics) that have a lower dielectric
constant (and are softer) are replacing older, harder, higher dielectric constant

insulators. Lower dielectric constant materials generally have a dielectric



avai |l abl e from Honeywel |, NJ, USA, m croporous glasses
such as Nanoglass (Porous Si2), available from
wolewepeldst , Inc., NJ, USA, as well as Black Dreroszd03/031900

(Car bon-doped Si 02), available from Applied Material,

CA, USA; Coral (Silicon carbide based dielectrics),

avai | abl e from Novel | us Systens, Inc., CA  USA and
Xerogel, available fromAllied Signal, NJ, USA These
constant bilowekOrend inchristpulymers v Kadisletres’ @ifhERdallftoducts
as "lowk" dielectrics. These lowk dielectrics ar

T e valhRng i DRy CRERICA TR Y. S FHARE

capaci tance, which 1 ncreases
f to L]ized (making the device
=i 18t A8BkE A diSh. Eiicranbra Gles e Such o5 piamoglass”
ﬁunaséﬁa, etc,) are generallﬁ used as a wiring and
(RYRHE SIPn8vailahle fropEtoneywell.doan bk USA, laswel as Black
Di scl osure of Invention [0004] The i nvention provides a

Diarmonsti( Garbbordapeyl $i0.),ravedjablecftomi Appliet Mafefiat ICA USA: Coral
that forms at |east one first layer conprising |ogical

(Siiebr! ¢Erbidetvaded Qi%lédfﬁc%g,gé‘\gai{a%gé‘rﬁ)ﬁ @bf@é@fgr%@s, Inc., CA,

i nterconnection |ayer a

.\ [ ] [ .ed f electrjcal .
USh, S 661, BaldiS Fpu™ AR idnab . PISR ¢ T6sss lower dietectric
deyi ces. [0005] The interconnection |ayer is nmade by
cqr;s:fgqt IRgIRiaRg ake referredite jas “jaw-k! dieleutdcsli Ehesr lavek dielectrics
| ayer includes a first material and a second material,

aneraghvantageloss eca0sa Aol Gécrbage BUAUSRMRIBRAS Wbhich increases
second material is |ess stable at nmanufacturing

devive ssEEahakallons dbwbonst : ! ' i
condi tions di scussed bel o tqﬁgr? l{itngegi(ﬁ%?ﬁﬁaﬁgrq%pe smaller
arld'ess 368R8ve). Metals (such as copper, tungsten, etc.) are generally used

as a wiring and connections in the BEOL interconnection layers.

Disclosure of Invention
* [0004] The invention provides a method of f;)rming an integrated circuit
structure that forms at least one first layer comprising logical and functional
devices and forms at least one interconnection layer above the first layer. The
interconnection layer is adapted to form electrical connections between the
logical and functional devices.
[0005]The interconnection layer is made by first forming a dielectric layer.

The dielectric layer includes a first material and a second material, wherein the
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materi al” conprises a porogen and the "first material"
conprises a matrix polyner. The invention then forns
wa@omduetisve features in the dielectric |ayer apdI/us2003/031900
renoves (e.g., by heating) the second material from
the dielectric layer to create air pockets in the
i nterconnection |ayer where the second material was
sg6end imatetial isdesw$tabie algnandfeciEingeenvironsental ganditians (e.g.,
by patterning the dielectric layer to create a
tiveptasessifg gormditierss disdusgeeibelgw) tHapr thierfisemeataridiic The "second
material over the dielectric |ayer, and polishing the

i.al: i | . . O i .
AL cilend piogth s AT ekt

rRRier | TR imvERREH e PRl o Bl S i e pistesi aver and

with a liner material. The renoving of the second

reRIP¥ES £8-01. oy /Reatingd the seeandt waterial omithesdigledtic layaeto create
mat eri al unaffected. [0007] The structure produced by.
airpodketeint theriniescanmedtive deyerevhare the isecorsd maténialavashat
conprises at |least one first layer conprising |ogical
paBfiohegct i onal  devices and | east one interconnection

| ayer above the first layer. The interconnection

| ayen .S [ | C nduct.i v . .

f oot (PORETERER R Rl ERES gl BARKEIG e lgtectric
the conductive features and separating the conductive
layes t@ ceeatecopatters ofigspenas and openiags.iPfming a genduatoumaterial

dielectric are adjacent the liner and the liner is

oventhendielextric tayed dritepalishihg-thevdieleetriclager tonallctv i@ conductor
2004/ 064157 PCT/ US2003/ 031900 separates the

nféﬁgﬁlé'lﬁhig}éﬁ\dﬁﬁ 8hiy iAthé pafteiSF §18b0€s and BpRAIRS. | Edtéfe the
conductor material is formed, the invention lines the pattern of grooves and
openings with a liner material. The removing of the second material leaves the
conductor material and the liner material unaffected.

[0007]The structure produced by the invention is an integrated circuit
structure that comprises at least one first layer comprising logical and functional
devices and least one interconnection layer above the first layer. The
interconnection layer comprises a porous dielectric, conductive features within
the dielectric, and a liner lining the conductive features and separating the

conductive features from the dielectric. Pores within the porous dielectric are

adjacent the liner and the liner is continuous around the conductive features and



unaffected. The pores contain air such that sone

portions of the liner are adjacent the air pockets.
wab@4loé418T i s conpletely continuous around thePCT/US2003/031900

conductive feature and al ong the pores, such that the

i ner separates air in the pores fromthe conductive

features. There is a cap material below the

dielectric, wherein the dielectric has a | ower

sgiparates the conduatixetfealvises from thegares.cThelporgsiteave the liner

conductive features conprise contacts and w ring.

Uripe8ied. ite porsicuraini ainsdh tHae sbinegiortions @ﬂwieeltr%? are

before the porogen is renoved, the liner wl

P o st % R SN G %Hmthe

thls W | a or.mance be

GoRguctiVee a%"ﬁ’l af}Je%'QPH ta"ﬁ PBF %1% éuﬁhaﬁ E? JRer §‘ﬁ%ara és alf in the
conductor fromdiffusing. Such would not be the case

pares from theegonguictive fagtuiesaf tharetis g capanateriabbelow thetdiglectric,
because it mght be inpossible to fill small sidewall

vitfarein thel didletiricciasataweradiclestrictonstantthan tise cap geatetial. The
the liner, and which would allow the conductor

CFGECH Ry e g f ool

ore, .th ent1on allows dielectric
const deect csto be reduc i t t he .
et d0pemSrceedomatiiatt (et iR gpBlatsd patire the pdfogen s
invention allows the liner that 1|ines the trenches

remdved dibadines wilb maintaoy e positinn amdishagedutingthe mering process.
(even in the presence of such pores) so that the

Thogrevennf PORSFOIM | Hest fOtheuried, thig Wil ndlidffedsinadirigrso
the low K di el ectric. 4 WD 2004/ 064157

gertiraA 08 BelddstPfhe iershil PERSIH RtAI98 Shd BréWént ¥5e conductor

from diffusing. Such would not be the case if the liner were formed after the
pores were created because it might be impossible to fill small sidewall pores
with liner material, which would cause a gap in the liner, and which would allow
the conductor material to diffuse into the low K dielectric. Therefore, the
invention allows the dielectric constant of low K dielectrics to be reduced with
the inclusion of pores formed with a porogen. The invention allows the liner that
lines the trenches and sidewalls to be formed (and maintained) properly (even in
the presence of such pores) so that the liner can prevent the conductor from

diffusing into the low K dielectric.



[ 0009] The invention will be better understood fromthe

follow ng detailed description of a preferred
weniwads4rent (s) of the invention with referencePtDUs10683/031900

drawi ngs, in which: [0010]Figure 1 is a schematic

diagramillustrating an interconnect structure after

a polishing process; [0011]Figure 2 is a schematic

Biiéf@e’ﬂaﬂﬁtimbrgram &e sane i nterconnect structure
shown in Figure 1, er porogen burn out;
t

ent afFARE 4 %PW%%&%@&S‘%?%%@ i B‘E% (el e

conductor, liner, and porous diglectric; 0013f] ure
descrinfion efcprafered @naigxalwent sLekthainyrntion with & QEQFCG to the

portion of the junction between the conductor, I|iner,
deawlingsyiaughidhel ectric shown in Figure 2; and

[0014] Figure 4 is a flow diagram of the inventive

Fgggmo JFRRE INBREsdrimAtRY didbfin fMiistralifg aAViBRrEShect

menti oned above, | ow K dielectrics are very

ated circuit structures, such as BECL
sﬁHF@F%@hﬁ%@ih @gﬁﬁngﬁ;pgess}-o further reduce the
di el ectric constant of the |low K insulating mater.i al,
por o R Eigyire Zais goschersaticcdiagiany llhﬁtr@’pmgftbe sameHaterconnect
enbedded into the low K dielectric material while

sfrosturé ehowhen Fagureen dfter borabes Isurh dug, create pores in
the dielectric material to 5 WO 2004/ 064157

i ot IPAIEIQUER S SRR G IR lpraed portion of

a defective junction between the conductor, liner, and porous dielectric;

[0013]Figure 3B is a schematic diagram illustrating an enlarged portion of
the junction between the conductor, liner, and porous dielectric shown in Figure
2; and

[0014]Figure 4 is a flow diagram of the inventive process.

Best Mode for Carrying Out the Invention

[0015]As mentioned above, low K dielectrics are very useful in integrated
circuit structures, such as BEOL interconnection layers. To further reduce the
dielectric constant of the low K insulating material, porogen (e.g., a pore‘
generating material) can be embedded into the low K dielectric material while

coating. The porogen is burned out to create pores in the dielectric material to



process to pattern the dielectric material, the pores
may be located at the side walls of the etched

wao e@notvas? The subsequent |iner |ayer depositiBPCI/Iez003/031900
not cover all pores in the side walls. This wl|
cause a reliability problemif the conductor filled
in the trench diffuses into the porous |ow K nateri al
(causing the circuit to fail). [0016] Therefore, as

ffgRFre8ask iR @ﬂéctﬁ@%nélé@ﬁi@tcdﬁstédle HdWeigl| éfertHe Ry etch

the porogen out only after the netalizati on process is
plcq(i';gg%?é g:%g?ﬁg@{é élgfétctr J;ﬁ'la érr!ed; The &S i b Id}%{ed at the side

i nvention either sel ol i.shin nask t.Q
walls GBS BLohed tIRIChEs i SubseaulRgy 3ot Rier epesiiiogiay not
mask to allow the porogen to diffuse out during
chweartalhporeis(00 178 SidecwaltsneThie withcause afreliatilityi problens if the
conpl eted before the porogen is renoved, the liner
cohddictorfildRinthettferRBdiffiists intsltrNedeud low POmateiat ealking the
process. Thus, even if pores formnext to the I|iner,
C@ﬁQ?FyWA“b not affect the Iiner's per f or mance because

will remain in place and prevent the
conduct o m di f f usi uch woul d no
ot KU be oo ap sleRaibia bEIoV: 199® GspRekotiednye Bl Ehums
because it m ght be inpossible to fill small sidewall

theoperogeni dut dniynaftenthe enétalizatidn process isicarapleted; syeb that the
the liner, and which would allow the conductor

IIH@F &S\ieﬁ‘égé ‘Ps H«btféff&@ed By 90Fétﬁ|n| tﬂé’tﬂ‘ér@h@u@éwalﬁ The invention
Ther ef or e, invention all ows the dielectric

SR U A Sy Sy v o

suffering diffusion 6 WO 2 64157 PCT/ 03/ 031900
polishing mask to allow the porogen oélffct)xse ou?du%g Vaea ing.

[0017]Since the formation of the liner is completed before the porogen is
removed, the liner will maintain its position and shape during the curing process.
Thus, even if pores form next to the liner, this will not affect the liner's
perfbrmance because the liner will remain in place and prevent the conductor
from diffusing. Such would not be the case if the liner were formed after the
pores were created because it might be impossible to fill small sidewall pores
with liner material, which would cause a gap in the liner, and which would allow
the conductor material to diffuse into the low K dielectric. Therefore, the
invention allows the dielectric constant of low K dielectrics to be reduced with

the inclusion of pores formed with a porogen (without suffering diffusion
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probl ens). The invention allows the liner that |ines

the trenches and sidewalls to be fornmed (and
woradoabeilsed) properly (even in the presence of PEIYTK2003/031900

pores) so that the liner can prevent the conductor

fromdiffusing into the low K dielectric. [0018] More

specifically, Figure 1 illustrates a portion of an

probREAS)! Ethe iBivention aliéws! taliterithat lingscthedesnabes and sidewalls to
underlying layer (120) and an interconnection |ayer

éjeﬁﬁaiheyﬂ%bd:nzaylg%@%rsgéﬂﬂ%\ée,ﬁﬁp :tgé%gééppr.ti on gp Q%SS) SO
et e sapa seeu B reRdire" ot figoRpering 88 oW K dilectric,
i nterconnect layers that will be included wthin the
BEOL [0018BVianessperificallpwigues &likustrates appstion of andvageated
item (122) and is properly separated fromthe

ciftlfrdtiicherel thatsihclulie®anuhdediying Rier 0f20) el artirérconnection
(121). As nentioned above, the dielectric |ayer (122)

6L (1997 it SOt NGB, THR SRR 58 (120) can
detod S ofioropuBBHEDE e o v, o
diffusing into the low K dielectric (122?. The.

cenecoropliseranother one ofthe shitiple (rteronnectlayeeskthat wilhben
as item (128). Figure 2 illustrates the sane

intludet within tHeeBEOL strudtiegd THe weK didleetricdagat isshawn as item
pockets (pores, openings, etc.) (130), yet does not

(gngﬁﬁdwﬁrdﬂ l?éste bedtbd fdP i %@f@%@y&g& i@t%‘zgorﬁg'i‘orm of

evi ng’ suc uctures i1 s discu

S 2 o AR 1

processes/ materials coul d be used to achieve the sane
paregen. dhe metallicfeahures (wires, iatereconnactsl vias, shis, etc.) are
foll owi ng process and 7

shown as items (124) and (126) and are lined by a liner (127). The liner (127)
prevents the conductor (124, 126) from diffusing into the low K dielectric (122).
The chemical mechanical polishing (CMP) hard mask is shown as item (128).
Figure 2 illustrates the same structure after the curing process which creates air
pockets (pores, openings, etc.) (130), yet does not affect the liner (127).
[0019]One exemplary method for achieving such structures is discussed
below. One ordinarily skilled in the art would understand (after reviewing this
disclosure) that many other similar processes/materials could be used to achieve

the same resuit and the invention is not limited to the following process and



WD 2004/ 064157 PCT/ US2003/ 031900 mmterials. The
dielectric material (122) can be spin-coated at spin

WG p@eaiet15T angi ng bet ween 900 and 4500 rpm ( pr eP€r/Ek1093/031900
3000 rpm on the underlying cap |ayer (121). The
| evel dielectric material (122) can contain a matrix
pol ymer and a porogen. The porogen could conprise but
not limted to nay substance that is less thermally

fﬂﬁg@ ﬁ'H@'ﬂuél@@trf erﬁgié)?faf‘g?)?: y%;ﬂn%'é%téd?"é séRl speeds

propylene acr

aI i ’5})% t I C egk{’%(ﬁ g %nggﬁ@%ﬁ@rbg}’ 9989 rpm) on the underlying cap

poI valerolactone pol yvi nyl pyri dines, etc. The
layg¥ £124) pdingrevel dielestridmateiakbt22) searantainametrix polymer and
porogen. The matrix material could conprise, but is

apotodeéni Tieel porogen gauly comprist et siot [mltgdty hap&sibstance that is
pol ybenzazol es, benzocycl obut enes, pol ycyanur at es,

lesk kfernfllly- staleQHEN theFehaRing c%lefchicss&dif Ebﬁgprogxlene

descri bed i n Patent Cooperation Treaty

ofighE RonfRpty %%Eécwﬁf%ﬁéﬁ?ﬁé%‘ﬁ&&é&% %aa’@%? o o "

porogen, and a porous matrix prepared therefrom by
pwﬁmplactwe%mb@t@xlew glygel echlyvaleazlgq:tgﬁedp@lwvmmyuswes
Chemi cal Conpany, USA, the contents of which are
eficn ddvepoatrbepbipmee isithermale more stable tharbihe parbgerndée matrix
After spin-coating, the dielectric material (122) is

{
AL Loty i MRS MO e,

P@&?%@%%ieé %%P?QW@%S%%@ﬁ%ﬁb%&ﬁ%&m FRgrous

cros king makes the dielectri mat er
9 tivg Kindare gleseribed in Btent ﬁigeprefﬁttqnveTr%#mm@rnatlonal

har dmask material. 8
Patent Application WO 00/31183 entitled “A composition containing a cross-

linkable matrix precursor and a porogen, and a porous matrix prepared
therefrom” by Kenneth, J. Bruza et al. which is assigned to The Dow Chemical
Combany, USA, the contents of which are incorporated herein in their entirety by
reference. After spin-coating, the dielectric material (122) is hot-plate baked at a
temperature between 150C and 400C, preferably 300C, in order to partially-
crosslink the polymers with other dielectric materials, while the porogen remains
intact. This crosslinking makes the dielectric material impenetrable to solvents

contained in the spin-on hardmask material.



WD 2004/ 064157 PCT/ US2003/ 031900 [0020] The | owk CWP

hardmask (128) that is perneable to porogen-like
wOorai0e64eFs, i s spin-coated on the same track, BEMUS2003/031900

within the same run as the porogen-containing

dielectric material. The hardmask material (128) is a

polyneric material (inorganic in conposition), and can

be S[0020§Thé tslv-k CMRIHAramask (?i@)l thaf R daBfd fbd;g%rogen-nke

nmet hyl si | sesqui oxanes, phenyl si’l sesqui oxanes, a
atefidi€l L ank dmask j s. lied on the
mBlCTIeIS io FpirEEoRedons sl BRLE Rl withiothb samg i as the
i.n _coati.ng at. in speeds_between 900 and 4500 rpm
p‘f’ﬁ’?%?@é‘&?‘?%@%@dﬂﬁ%&ﬁ- The hardmask matedal (128his a
hot - pl ate baked at tenperatures between 150C and 400C,
PQlyrseEE apaterigblimrganis incosdisition) handreare bedpin-868ted.
create a stable, sound filmthat can w thstand

Exarhpieg of tiny haﬁirﬁé’éﬂﬁclu@@?m’éﬂiﬁéiléeéahioﬁgn?%o021] Bot h

t he porogen-containing dielectric ["ayer 22) and the

pf@@lsil@é&éﬁgﬁﬁ%&néél%% s‘zrhﬁ%.ﬁrﬁ%{e?%éw EE? gfm\gg{ggérlngtsk is applied on

exposed, pattern
[ r aph ither single qr dual damascene). The
th% 3?&%8'?1@89%}?&% :F'ngt%‘ﬂ%‘% abt $Ireteqt'a<§/ taye( by spineentiigrat spin
har dmask (128é are then etched to formthe lines and
Spgeds betweey) 998 1ang:dbiP rom refurabbip, 15002800 fonsor PS8 hstBrial is

chem stry, depending on the chem cal makeup of the

therohotyplate baked at tegnpetaRires beiwed?YS0C aﬁ'&l%qdc(? ?ge;fe?gbly 300C,

vias are then lined with the liner materi a

to ERTIN IS MeRdriah Snd'biehs A5 SGE i fif ofl aithstano
T 1 SR s S TS
processi ng. The conductor (124, 126)

[0021]Both the porogen-containing dielectric layer (122) and the CMP
hardmask (128) are coated with photoresist, exposed, and patterned with the
metal level lithography (either single or dual damascene). The porogen-
containing dielectric layer (122) and CMP hardmask (128) are then etched to
form the lines and vias using, for example, an N./H,, O, or fluorocarbon
chemistry, depending on the chemical makeup of the porogen-containing
dielectric layer. The lines and vias are then lined with the liner material (127)
that is compatible with the porogen-containing dielectric material (122). The

adhesion of the liner (127) to the dielectric material (122) must be sufficient to

not delaminate during CVD, and further processing. The conductor (124, 126)



9 WO 2004/ 064157 PCT/ US2003/ 031900 (e.g., netal,

polysilicon, alloy, etc.) is then forned using any
wawedokoka16Tn  conventional formation process  PCT/US2003/031900

(sputtering, CVD, etc.). [0022] The entire structure

(dielectric layer, perneable spin-on CMP hardnmask)

under goes chem cal - nechani cal polishing (CW), wth a

l'iner andCu polish that is conpatible with the

k
(e%{ er | a1 ﬁ‘ﬂgo'ﬁb% {égle | BlEristhén R L?éln%éﬂﬁ wé?lakrﬂiWﬁ

oul d be between psi and 9 psi

Rl fopatiind BTl SR 2 (128)

0023£The entire structure (porogen contalnlng
di el[0822]The entise strugtyre (digdectia layer.@@rmezbigarik-on CMP
(128), conductor (124, 126), etc.) is then furnace

hatdmeek) tihdergoes chemical snectigpicdl ipelishing ¢CMPY, aithraalirsr and Cu
from3-50 Cmn, preferably 5 Cmn to cure

pc%l%ﬁ\’g%ﬁtsfdr‘bﬁfpa‘tlﬁ@wnﬂ thé ?6{'?"92{]?1 %@Ttéﬁﬂ\gcdlel?&&ﬁ@ hﬁé@éﬂal , and

he 'structure d 1 sot her mal |

CTOR Fﬁ@w&%&e?%@o%@%&%%@%?ﬁaﬁ%%bﬁéiﬁéfée&%%@bw

of thermally liable materials (e.g t he porogen)
3-bpsid @gHo npkCawse delanypatien.uais is #QP'@@?HQG tir hargsask surface
hardmask. During this process, the thermally |iable
(1@ey.ogen deconposes, and out gasses, |eaving behind
pores in the matrix di electric material. This process

can J??ﬁ? iy Siffe Ebmg@ntébrwﬁnmgaa.aecm& ldyePYR22),

str 0024] Fi gure nd 3B are schematic
perme%rb'flemél\AI4 l\ar rﬁgstlé ?923)” CSH(lil%tgre PI 24, 126), etc.) is then furnace

cured. The cure process ramps the structure at rates from 3-50 C/min,
preferably 5 C/min to cure temperatures ranging from 350 to 450 C, preferably
(415C). The structure is then held isothermally at the cure temperatures for 60-
180 minutes (preferably 120 minutes) to allow for the decomposition and
outgéssing of thermally liable materials (e.g., the porogen) through the entire
structure, including the CMP hardmask. During this process, the thermally liable
porogen decomposes, and outgasses, leaving behind pores in the matrix
dielectric material. This process can be repeated several times to generate
multilevel structures.

[0024]Figures 3A and 3B are schematic diagrams illustrating an enlarged
view of a portion of the junction between the conductor (124), liner (127), and

10



view of a portion of the junction between the

conductor (124), liner (127), and 10 WD 2004/ 064157
weEanAsasn3/ 031900 porous dielectric (122) copCHUS1003031900

pores (air gaps) (130). Figure 3Aillustrates a

defective structure that includes a region (30) where

the liner is discontinuous (breached) and where the

péﬂﬁuétdiéfé_rctr(c(l@‘z@%) icBniaihiflg perds GMNGASS) (18O Fideird sﬂbiigjstrates a

di el ectric This I's the structure that nma

i far . . .
ogfeBfie Bitubld 35t 0863a8 pieqioh (BBEWHBLER R Il I3 giagontipuous
structure shown in Figur IS di sadvant ageous
(5edlind anbwismine st 41 24Ns i1 STRCCFaniae wita e low K
into the low K dielectrics (122) through the breach
diemtric ( 12)e bhis isthe stiucturetthalgmayidei produced ifdbe posgseare
Note that any pore or partial pore (such as pore

foriel) befoRs thesdiblecirRy(102) issatidrAededs diRbusssd a6OMBICTRE

trench will be filled wth the Iiner material (127)

sté%ty%ééﬁo&ﬁﬁm:fbnﬁé AACE ﬂa%@}éggﬁg He%%h%le (t)ﬁé‘g?@)%%

ores that® has sone p separ a

side for ...exanpl re wll,.contai ir.
mplr ot Wi e o RN riabbinite 1280k ch e breach

enl arged view of a portion of the structure shown in _
(30) gilhesely shert cirsuiting tkrelintgrconaectiayen i Netegthat aay pere or partial

renmovi ng the porogen material only after the liner

pbie2(@uchrad poreqBR))dhat(is Zdnmett on thesidewat!.of hé bohdctor trench
structure shown in Figure 3B, the pores (130) do not

V58 g SRS 2154 oo e o
a1 B Bt bl EabaE R R okl o
e>((a3r(r)1|)3?e ;ixg]ret(%?))l vlw?l ecrongalir% er. and the 1iner

[0025]To the contrary, Figure 3B illustrates an enlarged view of a portion
of the structure shown in Figure 2 that is formed by the inventive process of
removing the porogen material only after the liner (127) and conductor (124) are
in place. With the structure shown in Figure 3B, the pores (130) do not affect
the continuity of the liner (127) because the liner (127) was formed before the
pores (130) were formed. Therefore, with the structure shown in Figure 3B there
will not be breaches (such as the breach (30)) in the liner (127) and the liner

(127) will be completely continuous. Further, with the structure shown in Figure

3B, air within some pores will actually comes in contact with the liner (127) (e.g.,
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(127) wll be conpletely continuous. Further, with the

structure shown in Figure 3B, air within sone pores
wawdokoeasual |y comes in contact with the |inerPCI/ES003/031900

(e.g., 11 WO 2004/ 064157 PCT/ US2003/ 031900 pores

(33-34)). Note that this situation is inpossible with

the structure shown in Figure 3A because pores al ong

t he SI devval | of the conductor trench will either be
pérbg ﬁt’é@thbt {MpS sHEAtRIA i8lim B§§|Ble(v?n¥ﬁ lhé’&trMbth%e shown in
cre eac br each (30)) 0026] Thus,

RS R BioAF S 4 8 ”@ﬁhﬂw"isgher

at least one first |ayer (120) onpri sin
b tilesd Wihdhe deeh Balerial(PoredSR hpravil FerE SRRBEATR bTPaga (30)).

(122) above the first layer. The interconnection |ayer
c onpj0026FT husp theostsuctdreeproduced by A& Jinvenbiodyshown in Figure 3B)
features (124, 126) within the dielectric, and a liner

is%ﬁie%g@m@h%mﬂ%%?w&rﬁ&%w AeANbrROMBE Rlyeh $120)

uctive features from the dielectric. Pore

1&@ lné“,lépql @qﬁfpﬁg{lgﬁé C%' gl A&I@a%c@nﬁ&lt&%@%e&t& layer

conductive features_and separates the conductive
(122X eheve the tist tayer pdhednterepnnestiar layes comprisesismpprous
unaf fected. The pores (33, 34) contain air, such that
dislettrie(r22) cconduictivd éedtures: (1241 26) witinttheudielectficeand a liner
liner 1s conpletely continuous around the conductive

(1@72“an? tR8 oRbGEd f8turBS e sepafdtiid Mk ddrRiuktivéfeatures from

arafes air 1n the pores fromthe conductive

e FHeEf R RS 7@%\*@“@%@@?? SRl 1 2B fner and
thediies is confinvoLs ATowRR e G G Famlre L Saparatas e
one interconnection |ayer (401-406)

conductive features from the pores. The pores leave the liner unaffected. The

pores (33, 34) contain air, such that some portions of the liner are adjacent air.

The liner is completely continuous around the conductive feature and along the

poreé, such that the liner separates air in the pores from the conductive features.
[0027]The invention is shown in flowchart form in Figure 4. More

specifically, the invention forms at least one first layer (400) (comprising logical

and functional devices) and forms at least one interconnection layer (401-406)

above the first layer. The interconnection layer is adapted to form electrical

connections between the logical and functional devices.

12



above the first layer. The interconnection |ayer is
adapted to formelectrical connections between the

wo ogioed1sand functional devices. 12 WO 2004/ 06BABYS2003/031900
PCT/ US2003/ 031900 [0028] The interconnection |ayer is
made by first formng a dielectric layer (401). The
dielectric layer includes a first material and a

sec Odzgﬁh‘é infarcoMAEEtRINal &fis TREE By ﬁ%t?b#n%h?'asdlbfé%‘frlc layer

sta manuf acturi ng enhvironnmental condi tions

essi.n onditi.0 sed above
(4D The ciSiefB IS NchyAES SolreINGtenlal B HeotaRl ekl
porogen and the "first material” conprises a matrix
wheyeimiae. sepead matenigl tsiess établ%ah@aeemmg/@nwmm@@al
(402- 405) in the dielectric |ayer and renoves (e.qg.,
canylitioest (erg) the4fréressing wenditions wiiscessed above) thiaa the first
dielectric layer to create air pockets in the

méafekial. Cvﬁeeséddwa mbff " fsds @ pSRIRACaERIHY "Fipdt HBerial”
positioned. [0029] The conducti ve features are forned

wgi?f%%?ae é@@?e%@@ge‘?' T hisTiorRER RS Epnd @t pTgbinds (a02-

Bef ore the conductor material js forned, the
4@%% dielactric laver andaemovas 9-9., ydRating) (0D Jbrises gnd
(404) with a liner material. The invention then forns
mateeial fromcdthetdielestiicdlayet towreatet aiepackdts in thecintergennection
(404), and polishes the dielectric layer. (405) to

lager Werehfe G@BEHE nfiteral was pbsitienégmai n only in the
pattern of grooves and openi ngs. The renoving of the

Zﬁé‘wﬁ%ﬁﬁ‘h R too i e e d PR 4ERRE G et

formation of the liner (127) is conpleted before the
layer (402) to create a pattern of grooves and openings in the dielectric layer.

Before the conductor material is formed, the invention lines the pattern of
grooves and openings (404) with a liner material. The invention then forms the
conductor material over the dielectric layer (404), and polishes the dielectric
layer (405) to allow the conductor material to remain only in the pattern of
grooves and openings. The removing of the second material (406) leaves the
conductor material and the liner material unaffected.

[0030]Since the formation of the liner (127) is completed before the
porogen is removed, it will maintain its position and shape during the curing
process. Thus, even if a pore (130) forms next to the liner (127), this will not

affect the liner's performance because the liner will remain in place and prevent

13



porogen is renoved, it will maintain its position and

shape during the curing process. Thus, even if a pore
W@ 1@d)p6f16T s next to the liner (127), this w |PCHU$2003/031900

affect the liner's performance because the liner wll

remain in place and prevent 13 WO 2004/ 064157

PCT/ US2003/ 031900 t he conductor (124, 126) from

di ffusing. At nost, pores may border the liner, but

th%%ﬁ@%fdr YDA fﬁdﬁ?dlﬁd&ﬂg.%és@?bré@m@k%dﬂﬂ&%e liner, but
uch woul

not be the case1f the liner (127) were

forned aft t he . Cr j .
tg gty of fhet e RS bf 62 istieRe” SR pBIRHER thk gase i
liner material, which would cause a gap in the liner
the dipey (120Hvensi fermegd aftar the mveﬁt(é?»‘a)o\mamrsatqdll@aqa%@a} might
material to diffuse into the |low K dielectric.
beTingpadsible to fil smaihsidewalh pardsowith tiher matdriat,twiich would cause a
constant of low K dielectrics to be reduced with the

gdp 'l el ipier o1 2P0 kARG WHIEHRAuIdVdlidw thededriiRfor (T4, 126) material
invention allows the liner that |ines the trenches and

Sj: f . ( intai :
RTINS HIREK BB THordyS (o e BRIl ERrric
prevent the conductor fromdiffusing.i nto. the | ow K
canstaniaiow K figisiamio ke tasicer it g inflisiopdpores formed
described in terns of preferred enbodinents, those
wittk algardgem. The invention allowsdtbginge thatdines fee trenches and
can be practiced with nodification within the spirit

sidéWals &PBe frnidtE(cnRNASitesinéd pproperly (&vbirsinrthelpresence of such
Applicability [0032] This invention is useful in and

o854 B g bR S RBER S R ot ow &
dielectric.
[06031]While the invention has been described in terms of preferred

embodiments, those skilled in the art will recognize that the invention can be

practiced with modification within the spirit and scope of the appended claims.

Industrial Applicability
[0032]This invention is useful in and applicable to the field of integrated

circuit processing and semiconductor manufacturing.

14



14 WO 2004/ 064157 PCT/ US2003/031900 C ainms 1. An
integrated circuit structure conprising: at |east one
wo poogioed1ayer (120) conprising | ogical and funcP@Dngt003/031900
devi ces; and and | east one interconnection |ayer
above said first layer (120), wherein said
i nterconnection | ayer conprises: a porous dielectric
Cidin®y ; conductive features (124, 126) within said
dielectric (122); and a liner (127) lining said
conductive features (124, 126) and separating said
conductive features (124, 126) fromsaid dielectric
(122 wher.ei Wi thin said porous
105 of AbdriEET18 3rRY Stubfiie cATPLEG| [ ner (127) and
said |liner (127) is continuous around said conductive
f eat @l least anaifirst fmjerdha0kseqraprigieg legical anshfunctional devices;
features (124, 126) fromsaid pores (33, 34). 2. An
andt erconnection layer for use in an integrated circuit
structure, said interconnection |layer conprising: a

POr O48d fHk BRE l‘éré tiof %o‘(z@ sfagffir%g %" #20),

126) within sal lelectric(122);

2004 Rgfgn? gam{eﬁgrqgg’étlo%]lgyer comprises:

a porous dielectric (122);
conductive features (124, 126) within said dielectric (122); and
a liner (127) lining said conducﬁve features (124, 126) and
separating said conductive features (124, 126) from said dielectric (122),
wherein pores (33, 34) within said porous dielectric (122) are adjacent
said liner (127) and said liner (127) is continuous around said conductive

features (124, 126) and separates said conductive features (124, 126) from said

pores (33, 34).

2. An interconnection layer for use in an integrated circuit structure, said
interconnection layer comprising:
a porous dielectric (122);

conductive features (124, 126) within said dielectric (122); and

15



a liner (127) lining said conductive features (124,

126) and separating said conductive features (124,
wQa2@)y/06416m sai d dielectric (122), wherein por eBCT/BS2003/031900

34) within said porous dielectric (122) are adjacent

said liner (127) and said liner (127) is continuous

around said conductive features (124, 126) and

separates said conductive features (124, 126) from

sal i i :

%g@{ n§g aﬁwﬂng %4ld c&g%uj@?%g?é?tﬁ?é&( 124 32?} Qh&’%ehz%[} ng

ores ( eave' sal ner

s cEaf B todures i, dRB) Mifpdlo Sdbfei 180, o o' "

portions of said liner (127) are adjacent air.

st r here peres (88 n%4)1w1éhm @al%@ms ielgetgicl (138) a(eladj)acent

is conpletely continuous around said conductive
saichner@27) a8d salPkinergna7 pisccumtinadds prowrs s4id Sonddgtive

such that said liner (127) separates air in said pores

fehidres fmewaﬁalse afdl8s ysid déﬁmﬁ%ﬂ&é‘fe%?uk%ﬁgml?ﬁég frém said

Thesructurelncalmslor 2, further conprisin

ial (121) below said dielectric (122),
po&ﬁ%‘ﬁgﬁéai d dielectric (122) has a |lower dielectric

constant than said cap material (121). 16 WO
2004/ 064157 PCT/ US2003/ 031900 7. The structure in
claimsl or 2, wherein said conductive features (124,
3. 126)Thecstmmturednataitsct or 2nwheiain sgid ores (88t 3d)deave said liner
formng an integrated circuit structure, said nethod

(127) unaffected. /
4, The structure in claims 1 or 2, wherein said pores (33, 34) contain air

such that some portions of said liner (127) are adjacent air.

5. The structure in claims 1 or 2, wherein said liner (127) is completely
continuous around said conductive features (124, 126) and along said pores
(33, 34) such that said liner (127) separates air in said pores (33, 34) from said

conductive features (124, 126).

6. The structure in claims 1 or 2, further comprising a cap material (121)
below said dielectric (122), wherein said dielectric (122) has a lower dielectric

constant than said cap material (121).
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conprising: formng at |east one | ogical/functional
| ayer (120); and form ng at |east one interconnection
wo ag0et064bDve sai d | ogi cal /functional [|ayer (1PO¥/PS2003/031900
wherein said formng of said interconnection |ayer
conprises: formng a dielectric |ayer (122), wherein
said dielectric layer (122) includes a first materi al
and a second material, wherein said second material is
| ess stable than said first material; formng

7condygl éfﬁ&&%tuH gfa’?m@i%‘f'Q m@emfga‘?@bténdualv%%ét es (124, 126)

[ayer (122); renovi ng said second nateri al

di el ectri (122) to create pores (33, 34)
Cﬁﬁp@ép&qn @@H ﬁﬁébn | ayer. 9. The nethod in claim
8, wherein sald removi ng process conprises a heating
process. 17 WD 2004/ 064157 PCT/ US2003/ 031900 10. The
nmethod in claim8, wherein said formng of said
8c ondéciiethod efdorming an inkegratictbeirausingtructers;, spkmethadng
said dielectric layer (122) to create a pattern of
cgﬁ@ﬁgﬁ@ﬁﬂ“ﬂ openings in said dielectric |ayer (122);
formng a conductor material over said dielectric

2y sfolfgh RSk A RDR T 550 e v
forming at least one interconnection layer above said logical/functional
layer (120),
wherein said forming of said interconnection layer comprises:
forming a dielectric layer (122), wherein said dielectric layer (122)
includes a first material and a second material, wherein said second material is
less stable than said first material,
forming conductive features (124, 126) in said dielectric layer
(122); and
removing said second material from said dielectric layer (122) to

create pores (33, 34) in said interconnection layer.

9. The method in claim 8, wherein said removing process comprises a

heating process.
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remain only in said pattern of grooves and openi ngs.

11. The nmethod in claim 10, further conprising, before
W@ 200d/064a6m ng of said conductor material, |inNPEMUSADNE031900

pattern of grooves and openings with a liner materi al

(127). 12. The nmethod in claim 11, wherein said

renmovi ng of said second naterial |eaves said

conductor material and said liner material unaffected.

13- The methbadn ichifl 8\ viietein/'id €orimifg iofl saRC&SHHuCtive features

material conprises a porogen. 14. The nmethod in claim
first material conprises a matrix

(%tﬂ% %&@?'\%EQQOOM 064157 PCT/ US2003/ 031900 15 A

met hod of formng an mteg aﬁg CII‘C it struct

sai dPattenming said ?!eé‘/ﬁﬂfg'ay oyA2A P Steq Pegsqa tigiha QF%QVeS and

| ayer (120) conprising |logical and functional

openingedn satdddietachiicpyar (122)st one i nterconnecti on
| ayer above said first layer (120), said

I Nt efgrAiM@ atdoPrRiutRY Phatefiangverdald dididotrid ey @iw aheaal
connections between said |ogical and functional

d

oy ePOTsiNE Saf defetific [eET ()10 ofiBw b EGRG AL fieteétfal to
vvherel sai d, di L;EC”IC | a erd(122 i ncludes a first
r?fﬁ?'é‘r‘? 'rbﬁ%'depai B/9f OFRAV% @ n sai d second

mat er i aI i's
11.  The method in claim 10, further comprising, before said forming of said

conductor material, lining said pattern of grooves and openings with a liner

material (127).

12. The method in claim 11, wherein said removing of said second material

leaves said conductor material and said liner material unaffected.

13.  The method in claim 8, wherein said second material comprises a

porogen.

14. The method in claim 8, wherein said first material comprises a matrix

polymer.
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| ess stable at manufacturing environnmental conditions
than said first material; form ng conductive features
W@ 2@4/064126) in said dielectric layer (122); apdr/us2003/031900
renovi ng said second material fromsaid dielectric
| ayer to create pores (33, 34) in said
i nterconnection | ayer where said second material was
18si tA giediod bPforming an integrated circuit structure, said method
comprising:
forming at least one first layer (120) comprising logical and functional
devices; and
forming at least one interconnection layer above said first layer (120),
said interconnection layer being adapted to form electrical éonnections between
said logical and functional devices,
wherein said forming of said interconnection layer comprises:
forming a dielectric layer (122), wherein said dielectric layer (122)
includes a first material and a second material, wherein said second material is
less stable at manufacturing environmental conditions than said first material:
forming conductive features (124, 126) in said dielectric layer
(122); and
removing said second material from said dielectric layer to create

pores (33, 34) in said interconnection layer where said second material was

positioned.
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